Developing ceria-based solid oxide fuel cells (SOFCs) with low cost, high power density, and, in particular, high working efficiency is of great significance to practical applications. In this work, Ba-and Sr-containing composites (Ni-Ba 1-x Sr x Ce 0.7 Zr 0.1 Y 0.2 O 3−δ ) were for the first time proposed and evaluated as anodes for Ce 0.8 Sm 0.2 O 1.9 (SDC)-based SOFCs. Both Ba and Sr diffusion occurs at elevated temperatures during fabricating anode-supported half-cells; correspondingly, a thin electron-blocking interlayer is formed in situ at the anode/electrolyte interface. The presence of Ba ensures the formation of a BaCeO 3 -based electronblocking layer, which has a very high ion transport number and completely eliminates the internal short circuit current across the SDC electrolyte. Sr incorporation can substantially promote the sintering activity of the anode and electrolyte and, hence, reduces the sintering temperature of the half-cells to 1150 °C. 
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Introduction
As a promising alternative energy technology for next generation of power supply devices, solid oxide fuel cells (SOFC) have received significant research attention worldwide because of some appealing advantages, such as high energy efficiency, low pollutant emission and excellent fuel flexibility allowing the utilization of various kinds of hydrocarbon fuels [1] [2] [3] . However, high operating temperature usually causes severe performance degradation and requires long start-up time and expensive interconnectors/sealing materials, which is considered as a main obstacle that hinders in decreased open circuit voltages (OCVs) and hence low working efficiency [6] [7] .
To suppress the electronic conduction across the DCO electrolyte, various approaches were proposed and investigated [8] [9] [10] [11] [12] [13] [14] . As a common strategy to protect DCO electrolyte from reduction, fabricating bi-layered electrolyte membranes have been suggested, including YSZ/SDC and BZCY/SDC, but the low oxygen ionic conductivity of YSZ and BZCY invalidate the merit of using DCO for developing low-temperature SOFCs 9, 14 . In addition, for the case of YSZ/SDC, formation of (Zr,Ce)O2-x solid solution during sintering may further decrease the ionic conductivity of the electrolyte membrane and hence degrade the cell performance. In order to suppress DCO reduction and meanwhile maintain high electrolyte conductivity, Hibino et al. [20] [21] . In this case, Ba diffusion ensures the formation of BaCeO3-based electron-blocking layer with high ion transport number, while Sr diffusion helps to reduce the sintering temperature of the half cells. In addition, the dependence of electrochemical performance of the cells on the anode composition is investigated in detail, and an optimal anode composition is determined.
Experimental

Sample preparation
NiO-Ba1-xSrxCe0.7Zr0.1Y0.2O3-δ(x=0, 0.1, 0.2, 0.3) composite powders with a weight ratio of 6:4 that are employed as the anodes for SDC-based SOFCs were all synthesized via a one-pot combustion process described in our previous work 
Electrochemistry testing and other characterizations
The single cell was attached to a home-made cell testing equipment by using Ag paste for sealing. After drying at 80 °C for 6 h, the single cell was tested from 650 to 500 °C at 50 °C intervals with ~3% H2O humidified hydrogen (40ml min 
Results and discussion
The XRD patterns of NiO-Ba1-xSrxCe0.7Zr0.1Y0.2O3-δ (0≤x≤0. , respectively 18, 22, 26 , and these peaks can be assigned to Ce-O stretching vibration of the CeO6 octahedra 18, 22, 26 . As can be seen, the characteristic peak appears for all the annealed SDC samples, suggesting the formation of the (Ba, Sr)CeO3-like phase 18, 22 . Notably, the characteristic peak tends to shift negatively with increasing Sr doping in Ba1-xSrxCe0.7Zr0.1Y0.2O3-δ, indicating that the (Ba, Sr)CeO3-like phase contains more Sr. in the perovskite oxide 25, 27 , which is consistent with the result of BSZCY91, and this is also good evidence to support the formation of (Ba, Sr)CeO3-like phase. The peak with a binding energy of ~130.2 eV likely corresponds to SrO1-x species deposited on the surface of the annealed SDC powders [27] [28] [29] . In addition to be involved in the chemical reaction with SDC, the residual strontium oxide would also act as an effect sintering aid for the SDC electrolyte membrane as discussed previously 19 . High-resolution O 1s spectra of SDC, SDC-BS91, and BSZCY91 can be fitted with four peaks (Figure 6d) [30] [31] [32] . Compared to SDC, SDC-BS91 shows a significantly enhanced peak corresponding to chemisorbed H2O or CO3 2- , which is similar to that of BSZCY91.
Basically, BaCeO3-based proton conductors are easily to adsorb moisture and CO2 13, 25, 33 , and hence the O 1s spectra further indicate the presence of (Ba, Sr)CeO3-like phase. 
Conclusions
Ba-and Sr-containing composites were successfully demonstrated as potential anodes for SDC-based SOFCs to achieve low-temperature fabrication, high efficiency and power performance. Ba diffusion improved the electron-blocking capability of the in-situ formed anode/electrolyte interlayer while Sr diffusion reduced the sintering temperature of the SDC-based half cells. It turns out that Ni-Ba0.9Sr0.1Ce0.7Zr0.1Y0.2O3-δ is the optimal anode composition, and the internal short circuit was effectively eliminated by an in-situ formed Ba-and Sr-containing thin electron-blocking layer at the temperature as low as 1200 °C, which was composed of SDC and (Ba, Sr)CeO3-like phase. As a result, the OCV of the fuel cell achieved 1.038 V at 650 °C with a peak power density of 677 mW cm 
